ABSTRACT. Wave forces and moments due to scattering and radiation for a vertical circular cylinder heaving in water of finite depth are derived analytically. These are derived fi'om the total velocity potential which can be decomposed as two velocity potentials; one due to scattering in the presence of an incident wave on fixed structure (diffraction problem), and the other due to radiation by the heave motion on cahn water (radiation problem). For each part, the velocity potential is derived by considering two regions, namely, interior region and exterior region. The complex matrix equations are solved numerically to determine the unknown coefficients to compute the wave loads.
D.D. BHATTA AND M. RAHMAN damping coefficients for high and low frequencies. Yeung [12] presented a set of heoretical added masses and damping coefficients for a floating circular cylinder in finite-depth water. Sabuncu and Calisal [9] obtMned hydrodynamic coefficients for vertical cylinders at finite water depth. Williams nd Abul-Azm [11] investigated the hydrodynamic interactions between the members of an array of floating circular cylinders which occur when one member undergoes prescribed forced oscillations.
Numerical results for the added mass of bodies heaving at low frequency in water of finite depth were also presented by Mclver and Linton [7] . Garrison [4] presented a numerical method for the computations o determine wave excitation forces as well as added mass and damping coefficients for large objects in water of finite depth. He [5] presented a numerical analysis for the motion of large free-floting bodies.
We assume that the fluid is incompressible, the fluid motion is irrotational and the waves are of small anaplitude. Here we consider the coefficients related to the motion with one degree of freedom, namely, translational motion in the z direction, i.e. heave. In this paper we hve presented the analyticM solution for the boundary value problem to evaluate the forces and the moments for a vertical circular cylinder heaving in water of finite depth. Numerical results are also presented.
MATHEMATICAL FORMULATION.
We consider n surface wave of amplitude A incident on vertical circular cylinder of rdius a in water of finite depth h. The body is assumed to be heaving with heave amplitude in the presence of incident wave with angular frequency a. The wave is parallel to x-axis at the time of incidence on the cylinder and propagating along +ve direction. The draft of the cylinder in water is b. The geometry is depicted in Figure 1 . We consider the cylindrical coordinate system (r, 0, z) with z vertically upwards from the still water level SWL ), r measured radially from the z-axis and 0 Y //A FIGUBJB 
The boundary condition (8) 
Now we consider this problem by separating it into two problems, diffraction problem and radiation problem. The diffraction problem will give us the exciting force and from the radiation problem we will get the radiated force in terms of added mass and damping coefficients.
3. DIFFRACTION PROBLEM.
In this case the velocity potential satisfies the governing equation (5) and the boundary conditions (6), (7), (9) ,i,,(a,z)cosk,,(z + h)dz
with ko 0. To obtain the exterior solution, the boundary conditions (6) , (7), (9) and (11) To preserve the continuity of the two solutions at the imaginary interface r a, it is required to satisfy ,(, z) :,(, ),
Or Or () by truncating the infinite series for the indices j, n, and k at N,, N,,, and N respectively. The heave amplitude and the incident wave amplitude ratios are depicted in Fig. 2 as function of A0a.
Non-dimensional x-component of the horizontal force is depicted in Fig. 3. Fig. 4 presents the non-dimensional vertical force. The non-dimensional moment acting on the side of the cylinder is shown in Fig. 5. Fig. 6 depicts the non-dimensional moment acting at the bottom of the cylinder. Different depth to radius ratios considered here are 2.00 and 3.00 with a combination of draft to radius ratios 0.75, 1.00, and 1.25.
CONCLUSIONS.
The wave loads for a vertical circular cylinder heaving in finite depth water in the presence of an incident wave have been computed in this paper. Analytical solutions for the total velocity potential is obtained by dividing the whole boundary value problem into two problems, namely, diffraction problem of an incident wave acting on the xed cylinder and radiation problem of the FIGURE 6 . Non-dimensional moment, 5""
